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As  part  of  the  review  of  earth  dam  projects  in  the  Little  Rock  District 
which  you  requested  us  to  undertake,  we  have  examined  available  design  memo- 
rands  and  other  information  furnished  us  on  the  design  of  Greers  Ferry  Dam. 
Our  comments  with  respect  to  those  features  of  geology,  soil  conditions, 
and  stability  computations  which  may  have  bearing  on  the  stability  of  the 
earthen  sections  of  the  dam  (dikes  1  and  2)  are  given  in  the  inclosed  report. 
Miscellaneous  Paper  No.  3-582. 
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Preface 


The  tfatervays  Experiment  Station  vas  requested  by  the  U.  5.  Amy 
Engineer  District,  Little  Rock,  to  review  frcn  the  soils  and  foundation 
standpoint  the  design  of  three  earth  dan  projects  in  that  district,  rarely, 
l--nver,  -able  Reck,  and  C-reors  Ferry  Dares.  The  review  of  Denver  Den  is 
preserved  in  *C3  M?  Ho.  3-*»£9»  "Review  of  Denver  Dan  Design,"  Juno  15o2; 
the  review:  os'  Table  Reck  Dan  is  presented  in,  '.33  Id?  Do.  3-5^^  "Review  of 
Stability  analysis  -  Table  Rock  Das.,"  IToverber  l$o2.  Shis  report  presents 
the  results  cf  the  review:  os'  Greers  Ferry  Dan. 

The  work  was  authorised  by  disposition  fora  frer  the  U.  £.  Amy  Engine 
District,  Untie  Reck,  to  the  Director,  Hat  arrays  Drrreriirent  St.vior,  dated 
8  I-Iay  1S-2,  s abject  "Critical  Review  of  Earth  Da:.:  Projects,  Litvin  Reck 
District .  This  report  was  vritten  by  llassrs.  C.  0.  Trahan  and  :7.  3. 
Steirrieio  under  the  general  supervision  cf  2'ossrs .  W.  J.  Turnbull,  7.  C-. 
Shockley,  d.  R.  Ccuptcn,  and  W.  C.  Sherman,  Soils  Division,  Hater-rays  Dxpcr 
cert  ovation. 

Director  Qf  the  Waterways  Experiment  Station  during  tha  preparation  an 
publican ioa  of  this  report  vas  Colonel  Alex  G.  Sutton,  Jr.,  CD.  Technical 
Director  vas  I'r.  J.  B.  Tiffany. 
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KLVur.:  c?  crezus  pzrsy  dam  desig:: 


General 

1.  Greers  Perry  Dan,  a  concrete  gravity  structure  with  two  earth  diha 
sections,  is  located  on  the  Little  lied  River  in  Central  Arkansas.  The  Water¬ 
ways  Experiment  Station  (h-3)  -..•as  requested  by  the  Little  Rod:  District  so 
review  the  design  of  Greers  Perry  Dan  iron  a  coils  and  foundation  standpoint. 
All  data  were  furnished  by  the  Little  Rod:  District.  In  addition,  a  field 
inspection  of  the  cans  it  c  was  cade  by  representatives  of  hi  3.  The  review  • 
has  been  completed  and  the  c errant s  presented  herein  concern  those  features 
of  the  geology,  soil  conditions,  and  stability  computations  *.:hich  ray  have 
bearing  on  the  stability  of  the  dike  secoicns  of  the  dsn.  The  review  of  the 
foundation  design  for  the  concrete  ear.:  did  not  indicate  any  problems  from  a 

soils  cr  foundation  standpoint,  and  recc. _ enuatiens  concerning  the  drainage 

system  constitute  the  only  cements  on  this  portion  of  the  project. 

Gcclo.rv 

2.  A  study  of  available  photographs  and  geological  leg  3  on  ocrir.^c  y 
along  with  a  review  of  Design  Memoranda  Eos.  1,  7>  and  3,  rs-*es_o  no  reported 
factors  of  a  geological  nature  which  would  materially  efface  uhe  snabiliny 

or  performance  of  the  various  structures.  The  geological  analysis  and  iaterp 
tation  of  foundation  conditions  are  considered  adequate  and  to  have  been  pre¬ 
sented  in  sufficient  detail  for  design  of  the  structures.  Provisions  for 
careful  inspection  and  additional  e;cploration  during  the  construction  phase 
incorpcrste  adequate  measures  for  detecting  unforeseen  or  unusual  foundation 
conditions . 

Embankment  scab  ill  tv 

3.  Is  is  considered  that  the  foundation  explorations  were  sufficient 
to  delineate  foundation  conditions  beneath  both  dihe  sections.  The  foundatic 
consist  of  ..  shallow  mantle  of  residual  soils  overlying  rock  and  are  con¬ 
sidered  sc  -sdnt  no  problems  relative  to  stability,  settlement,  or  seepage. 
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4.  Record  Record  samples  taken  from  the  dike  embankments 

indicated  a  considerable  variation  in  materials  in  both  the  impervious  core 
and  random  fill  sections.  The  materials  consisted  primarily  of  loan  and 
fat  clays  and  shale  with  varying  amounts  of  Gravel  and  sand.  Atterbcrg 
limits  for  the  emsarJccant  materials  are  shown  in  the  plasticity  chart 
(see  fig.  l).  Because  of  the  vide  variation  in  material  types  and  the  limi¬ 
ted  number  of  record  camples,  a  direct  comparison  of  the  densities  of  the 


record  samples  with  the  maximum  densities  determined  in  the  laboratory  could 
not  be  made.  Results  of  standard  compaction  tests  listed  in  table  3  of 
CM  lio.  8  indicate  optimum  <*ater  contents  ranging  from  12.7  to  26.0  percent 
and  maximum  dry  densities  rsr.gi ns  from  95.8  to  123.0  Ib/cu  ft.  These  values 
represent  both  the  core  and  random  fill  materials.  It  vas  assumed  in  design 
that  mixing  of  the  borrow  soils  would  occur  to  such  an  extent  that  no  one 
type  of  material  would  form  an  extensive  or  continuous  zone  in  the  eaban!c.:cnt 
and  that  field  densities  of  97*5  percent  or  Greater  of  standard  AASHO  density 
would  be  obtained  during  construction.  It  is  understood  that  zonation  was 
effected  during  construction  by  selected  routing  of  hauling  equipment  so 
that  materials  with  the  greater  percentages  of  rock  fragments  were  placed 
toward  the  outer  slopes  of  the  dikes.  Record  samples  from  the  impervious 
core  section  indicated  placement  water  contents  ranging  from  Ik  to  28  per¬ 
cent  and  dry  densities  ranging  from  $6  to  117  Ib/cu  ft.  The  data  from  the 
record  samples  indicate  an  unusually  wide  range  of  placemens  conditions, 
reflecting  the  variability  of  the  materials  used. 

5.  Results  of  laboratory  shear  strength  tests  on  the  record  samples 
are  tabulated  in  tables  1  and  2  and  are  sham  graphically  in  figs .  2  and  3* 
The  reference  numbers  sham  adjacent  to  shear  envelopes  in,  figs.  2  and  3 
correspond  so  reference  numbers  shewn  in  tables  1  and  2.  Shear  strengths 
were  selected  for  check  stability  computations  utilizing  the  results  of 
laboratory  shear  strength  tests  on  record  samples  from  the  foundation  and 
from  the  impervious  core  and  .rands-  fill  sections  of  dike  1.  Shear  strength 
values  selected  were  as  follows: 


S’- car  Strer.'rth 


Q  Tc-sus  R  ' 

Pccts  S  Tent” 

£1  £jtsf  £1 

c  ,tsf  p**  c  .xmf 

Foundation 

15 

O.oO 

15 

0.20 

25 

0.20 

Impervious  core 

— 

mm  mm 

14 

0.40 

2p 

0.0 

Random  fill 

mm  mm 

13 

0.45 

25 

0.0 

The  above-listed  shear  strengths  are  shown  graphically  in  fi3s.  2  ar.d  3» 
together  with  the  shear  strength  envelopes  used  in  design.  The  design  • 
shear  strengths  consisted  generally  of  combined  strength  envelopes  (see 
plate  19  of  r,i  8) ;  consequently,  a  direct  numerical  comparison  with  the 
diear  strengths  based  on  record  samples  is  not  possible.  In  some  cases  the 
shear  strengths  used  in  design  were  mors  conservative  than  H2S  selected 
values,  while  in  other  cases  the  strengths  vised  in  design  were  less  than 
those  used  in  our  computations.  In  general,  the  shear  strengths  cased  on 
record  samples  did  not  differ  greatly  from  the  design  shear  strengths. 

6 .  As  no  Q  tests  were  performed  on  record  samples  from  the  impervious 
core  and  random  fill,  a  Q  shear  strength  of  0  »  0°,  c  «  1.25  tcr./sq.  ft  urns 
selected  for  both  the  Impervious,  core  and  the  random  fill  based  on  the  re¬ 
sults  of  shear  strength  tests  performed  in  connection  with  design  studies 
(see  plate  17  Eli  8). 

Cheek  stability 
analyses  by  *.T!3 

7.  Chech  stability  analyses  were  performed  on  a  typical  section  of 
dike  1  (sec  fig.  4).  Dike  1  is  about  80  ft  high,  whereas  dike  2  is  only 
about  30  ft  high.  Strength  tests  on  record  samples  from  dike  2  (see  fig.  3) 
indicate  that  materials  used  in  dike  2  were  similar  to  those  used  in  dike  1. 
Although  no  stability  analyses  were  performed  on  dike  2,  it  is  considered 
that  this  dike  is  inherently  nore  stable  with  respect  to  sliding  than  dike  1 
because  of  its  lesser  height. 

8.  Be- jits  of  the  stability  analyses  are  shown  in  table  3*  The  facscrs 
of  safety  shown  are  the  most  critical  of  several  arcs  analysed.  The  locations 
of  critical  arcs  are  shown  in  fig.  4.  For  comparison,  the  factors  of  safety 
computed  for  design  are  also  shown  in  table  3.  A  close  agreement  may  be 
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noted  between  UZ3  computed  factors  of  safety  and  the  factors  of  safety 
computed  for  design,  except  for  the  construction  condition.  The  WES 
factor  of  safety  for  the  construction  condition  vas  2.hJ  as  compared  to 
1.7  computed  for  design.  Eased  on  the  results  of  the  stability  analyses, 
it  is  considered  that  the  dikes  are  safe  vith  respect  to  sliding. 

Drainage  system 
for  concrete  dm 

9«  Our  only  comment  with  respect  to  the  concrete  gravity  dam  is  in 
connection  vith  measurements  for  checking  the  effectiveness  of  the  grout 
curtain  and  the  adequacy  of  the  drainage  system.  Reference  is  made  to  WES 
MP  Ho.  3-^99*  "?eviev  of  Eeaver  Dam  Design,"  June  19=2,  containing  cur 
comments  on  the  drainage  system  for  the  concrete  section  of  Eeaver  Dam.  Our 
recommendations  that  piezometers  be  installed  beneath  that  dam  to  check  the 
effectiveness  of  the  grout  curtain  and  the  drain  holes  to  determine  vhet her 
the  existing  drains  will  need  to  be  cleaned,  or  vhether  additional  drains 
may  be  necessary  in  the  future,  are  equally  applicable  to  the  concrete 
section  of  Greers  Ferry  Dam. 

Summary 

10.  In  summary,  it  is  considered  that  the  geology  and  soil  conditions 
beneath  the  concrete  asm  and  earth  dikes  vere  adequately  explored  and  reason* 
ably  veil  defined.  The  earth  dikes  vere  properly  designed  vith  adequate 
factors  of  safety  provided.  A  system  01  piezometers  should  be  installed  be¬ 
neath  the  concrece  den  to  permit  a  check  on  the  effectiveness  of  the  grout 
curtain  and  drainage  system  and  to  indicate  any  decrease  in  efficiency  of 
the  drain  holes  vith  time. 
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Results  of  Tests  on  Record  Samples,  Dike  No 
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Table  3 


Results  of 

Stab?  11! 

;v  Analysis 

Test 

Fact 

or  of 

Safety 

Condition 

Slots 

Type 

WHS 

Arc 

Construction 

US 

Q 

2.47  • 

1 

1.7 

Construction 

DS 

Q 

1.97 

2 

Rapid  Drawdown 

us' 

R 

1.40 

1 

1.4  .. 

(el  h-98-46l ) 

Critical  Pool 

us 

R 

1.52 

1 

1.5 

(el  448) 

Steady  Seepage 

DS 

R 

1.34 

2 

1.4 

Steady  Seepage 

\ 

DS 

S 

1.31 

3 

1.3  . 

MOTS:  All  factors 

of  safe 

ty  were 

computed  by  the  circular  arc 

method.  VJES  factors  of  safety  vere  computed  using 
shear  strengths  based  on  tests  on  record  samples; 
factors  of  safety  from  EM  Mo.  8  were  computed  using 
design  shear  strengths. 
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